Human T-cell leukemia virus type-1 (HTLV-1) induces adult T-cell leukemia/lymphoma (ATL/L), a fatal lymphoproliferative disorder, and HTLV-1-associated myelopathy/tropical spastic paraparesis, a chronic progressive disease of the central nervous system after a long period of latent infection (12, 33, 48) . This long latency suggests that multiple genetic events, which accumulate in HTLV-1-infected cells, are involved in the development of ATL. HTLV-1 transforms primary human T-cells in vitro and a unique viral gene Tax is considered to play a central role in HTLV-1-induced transformation. However, HTLV-1-infected cell lines derived from a leukemic cell clone failed to express significant amounts of Tax and other viral proteins, suggesting that the expression of viral proteins is not always necessary for leukemic proliferation at the late stage of the disease. On the other hand, the observation that NF-B, which is strongly induced by Tax, is indispensable for the maintenance of the malignant phenotype of HTLV-1 provides a possible molecular target for ATL therapy (23, 39) as well as the treatment of some cancers (1, 14, 40) . In resting cells, binding to inhibitory IBs retains NF-B in the cytoplasm in an inactive form. On stimulation, IBs are rapidly phosphorylated, ubiquitinated, and degraded by a proteosomedependent pathway allowing active NF-B to translocate into the nucleus where it can activate the expression of a number of genes (2) . Like HTLV-1-infected cells in vitro, leukemic cells from ATL patients in vivo display a constitutive NF-B binding activity and increased degradation of IB␣ (28) . However, the precise molecular mechanism of tumorigenesis and the development of ATL after HTLV-1 infection remain obscure.
The severe combined immunodeficient (SCID) mice lacking functional T and B cells (4, 27) were engrafted successfully with human hematopoietic or neoplastic cells (6, 13, 17, 20, 21, 30, 34, 35, 44) . SCID mice also have been utilized in a study on the mechanism and therapeutic strategy of ATL. Indeed, it has been reported that HTLV-1-infected cell lines derived from a leukemic clone produced tumors during a 2-to 4-month follow-up period but in vitro-transformed cell lines expressing Tax and other viral antigens failed to do so in SCID mice even at 6 months after inoculation (10, 16 ). However, two major drawbacks, namely, the long period of time required for tumor formation and the limitation of its use to certain cell lines, appear to hinder wider use of this animal model. To overcome these problems we have developed a new SCID mouse strain, the NOG mouse, which is a special type of animal that has immunological multifunctional defects in NK activity, macrophage function, complement activity and function of dendritic cells (18) . HTLV-1-infected cell lines were inoculated subcutaneously in the postauricular region of NOG mice enabling macroscopic observation in the study of the mechanism of tumorigenesis and malignant growth of ATL and the development of new drugs against ATL.
There is no effective treatment for ATL patients. ATL still has a poor prognosis mainly because of its resistance to conventional as well as high-dose chemotherapy. Bay 11-7082 is a selective inhibitor of tumor necrosis factor alpha-induced phosphorylation of IB␣ without affecting the constitutive activation of IB␣ phosphorylation, resulting in decreased NF-B and decreased expression of adhesion molecules (31) . Very recently, we reported that Bay 11-7082 specifically inhibited nuclear translocation of NF-B and caused selective apoptosis of HTLV-1-infected cell lines and primary ATL cells in vitro (29) . In addition, this compound is also known to induce apoptosis of lymphoma cells from patients with primary effusion lymphoma or cutaneous T-cell lymphoma in vitro (19, 22) .
We show here that a progressively growing large tumor was rapidly and reproducibly induced in mice inoculated with HTLV-1-infected cell lines derived from both leukemic and transformed cell clones only within 2 weeks. We also examined in vivo tumor growth of an HTLV-1-infected cell line between NOG and NOD-SCID mice to address the role of the common ␥-chain. We also provide evidence that the NF-B-inhibitory effect of Bay 11-7082 is linked to regression of the tumor and that the drug prevented leukemic infiltration of tumor cells in various organs of NOG mice. These results suggest that the NOG mouse model of HTLV-1-infected cell lines would be useful for investigating the in vivo molecular pathogenesis of diseases, infiltration into different organs and therapeutic measures for ATL patients.
MATERIALS AND METHODS
Mice. NOG and NOD-SCID mice were obtained from the Central Institute for Experimental Animals (Kawasaki, Japan). All mice were bred and maintained under specific-pathogen-free conditions in the Animal Center of National Institute of Infectious Diseases (Tokyo, Japan). The Ethical Review Committee of the Institute approved the experimental protocol.
Cell lines. ED-40515(Ϫ), MT-1, and TL-Oml are interleukin-2 (IL-2)-independent and Tax nonexpressing human T-cell lines of leukemic cell origin established from ATL patients. SLB-1, Hut-102, MT-2, MT-4, M8116, and TY8-3/MT-2 are IL-2-independent and Tax expressing HTLV-1-infected transformed T-cell lines, and Jurkat is an HTLV-1-negative T-cell line. These cell lines were cultured in RPMI 1640 medium (Nikken Bio-laboratory, Kyoto, Japan) with 10% heat-inactivated fetal bovine serum (JRH Biosciences, Lenexa, Kans.), 2 mM L-glutamine, 100 U of penicillin per ml, and 100 g of streptomycin per ml at 37°C and 5% CO 2 .
Inoculation of cell lines into SCID mice. Cells were washed twice with serumfree RPMI 1640 medium. These cells were resuspended in serum-free RPMI 1640 medium. Mice were anesthetized with ether and cells were inoculated subcutaneously in the postauricular region of SCID mice at a dose of 1 to 7.5 ϫ 10 7 cells per mouse. Growth measurement of subcutaneous tumor and dispersion of cells. Mice were sacrificed during the 2-to 3-week follow-up period after inoculation with different cell lines. The subcutaneous tumor was excised from the postauricular region of SCID mice. We measured the length, width, and height of the tumor by the Somers scale. Tumor tissues obtained from mice inoculated with the ED-40515(Ϫ) cell line after 1 week and 2 weeks for measuring the growth curve in both strains of mice. Next, the tumor tissues were incubated and digested by shaking in RPMI 1640 plus 10% fetal calf serum containing collagenase (1 mg/ml; Seikagaku Kogyo, Tokyo, Japan) plus DNase type I (0.5 mg/ml; Sigma) at 37°C for 30 min. Dispersed cells were collected and the same procedure was conducted as described above. All dispersed cells were filtered with a 40-mpore-size filter and washed twice with serum-free medium at 400 ϫ g for 5 min. The supernatant was aspirated and the cell pellets were collected. Number of cells was counted by the trypan blue method.
Histological and cytological examination. After sacrificing the mice, tumor tissues, peripheral blood, and various organs were collected. Part of the excised tumor tissues were fixed with dry-ice acetone and embedded in Tissue-Tek OCT compound (Sakura Finetechnical Co. Ltd., Tokyo, Japan) and stored at Ϫ80°C before use. Frozen sections of the tumor tissues were prepared by Cryostat and fixed in acetone at room temperature for 20 min. The remaining tumor tissues and organs were fixed with 4% paraformaldehyde for hematoxylin and eosin (H&E) staining and examined under a microscope. Blood was collected from the heart of mice with heparinized syringes. Peripheral blood mononuclear cells (PBMNCs) were isolated from the blood by density gradient concentration with Ficoll-Hypaque. Cytospin specimens of in vitro culture cells and PBMNCs were prepared and fixed in methyl alcohol for May-Grunwald and Giemsa staining and fixed in acetone for immunostaining. For immunostaining, frozen sections of tumor tissues and cytospin samples of in vitro culture cells were incubated with a 1:50 dilution of primary antibody against human cells, anti-CD4 (Novocastra Laboratory. Ltd.), anti-CD25 (Kamiya Biomedical Company, Seattle, Wash.), anti-CD3, and anti-CD8 mouse (DAKO A/S), anti-Tax (MI-73) and anti-Gag (GIN-14) mouse monoclonal antibodies. This was followed by washing in phosphate-buffered saline (PBS) and then incubation with horseradish peroxidaseconjugated rabbit anti-mouse immunoglobulin G antibody (1:200) and washed in PBS. Positive staining was visualized after incubation of these samples with a mixture of 0.05% 3,3Ј-diaminobenzidine tetrahydrochloride in 50 mM Tris-HCl buffer and 0.01% hydrogen peroxide for 5 to 10 min. The samples were counterstained with methyl green for 15 min, hydrated completely, cleaned in xylene, and then mounted.
Western blotting. Culture cells and cells from tumors were lysed by a low-salt lysis buffer (10 mM Tris-HCl [pH 8.0], 140 mM NaCl, 3 mM MgCl 2 , 1 mM phenylmethylsulfonyl fluoride [PMSF], and 0.5% Nonidet) on ice for 30 min, followed by centrifugation at 14,000 rpm for 10 min at 4°C. The cell lysates were mixed with an equal volume of twofold-concentrated sample buffer with 2-mercaptoethanol and treated for 5 min at 100°C. Equal amounts (25 g) of protein from the cell lysates were electrophoresed on sodium dodecyl sulfate-10% polyacrylamide gel and transferred to a Clear Blot Membrane-p (ATTO, Tokyo, Japan) by an electric Western blotting system. The membranes were washed with PBS-Tween (0.1%) and blocked in PBS containing 3% skim milk overnight at 4°C. The membranes were incubated with 1 g per ml of primary antibody, anti-Tax monoclonal antibody (MI-73) followed by washing in PBS-Tween (0.1%) and incubated again with horseradish peroxidase-conjugated rabbit antimouse immunoglobulin G (1:3,000). Protein bands were visualized by an enhanced chemiluminescence substrate and the FLA-2000 system (Fuji Photo Film Co. Tokyo, Japan).
Preparation of nuclear extracts. Cells (3 ϫ 10 6 ) were washed twice with cold PBS and the cell pellet was resuspended in 200 l of hypotonic buffer A (HEPES, 10 mmol/liter, pH 7.9; KCl, 10 mmol/liter; EDTA, 0.15 mmol/liter; EGTA, 0.15 mmol/liter; PMSF, 0.1 mmol/liter; leupeptin, 100 g/liter; aprotinin, 100 g/liter) including 1% Nonidet and incubated on ice for 15 min. Cell suspensions were vortexed briefly and microcentrifuged at 14,000 rpm for 5 min at 4°C. The supernatants were removed, and the cell pellets were suspended in 200 l of isotonic B buffer (HEPES, 20 mmol/liter, pH 7.8; NaCl, 100 mmol/liter; EDTA, 0.1 mmol/liter; 25% glycerol), vortexed briefly and microcentrifuged at 14,000 rpm for 3 min at 4°C. Thereafter, the cell pellets were resuspended in 100 l of hypertonic C buffer (HEPES, 20 mmol/liter, pH 7.8; NaCl, 400 mmol/liter; EDTA, 0.1 mmol/liter; 25% glycerol; PMSF, 0.1 mmol/liter; leupeptin, 100 g/liter; aprotinin, 100 g/liter; DTT, 10 mmol/liter) including 1 M NaCl, inoculated at 4°C for 30 min with continuous high speed shaking and microcentrifuged at 14,000 rpm for 3 min. The supernatants were collected, the protein concentrations measured by the method of Bradford and the supernatants stored at Ϫ80°C for use.
Electrophoresis mobility shift assay (EMSA). As previously described, nuclear extracts (5 g of protein) were incubated in 12 l of binding buffer (HEPES, 10 mmol/liter, pH 7.8; NaCl, 100 mmol/liter; EDTA 1 mmol/liter; 25% glycerol), 1 g of poly [d(I-C)] and 32 P-labeled B probe derived from the H-2K promoter (22a) for 30 min at room temperature. To identify the subunits constituting the NF-B complexes, specific antibodies against p50, p65, and c-Rel (Santa Cruz Biotechnology, Santa Cruz, Calif.) were used. Antibodies was added to the nuclear extract, and the mixture was allowed to stand for 30 min at room temperature before incubation with the radiolabeled probe. DNA-protein complexes were analyzed by electrophoresis in 5% polyacrylamide gel in 0.5ϫ TBE (Tris, 44.5 mmol/liter; boric acid, 44.5 mmol/liter; EDTA, 1 mmol/liter). After electrophoresis, the gels were dried and subjected to autoradiography. Administration of Bay 11-7082. Bay 11-7082 was obtained from the Calbiochem-Novabiochem Corporation, La Jolla, Calif. The drug was administered intraperitoneally to mice at doses of 20 mg/kg/day, beginning on day 0 for 20 days. The control mice received 1% dimethyl sulfoxide (DMSO) simultaneously with HTLV-1-infected cells. In other experiments, Bay 11-7082 or DMSO was also administered into the tumor site directly everyday for 15 days at the same doses as stated above 10 days after tumor formation.
RESULTS
Rapid growth of HTLV-1-infected cell lines inoculated in NOG mice. To investigate the in vivo growth, cells of nine IL-2-independent HTLV-1-infected cell lines were inoculated subcutaneously in the postauricular region of NOG mice (Table 1). Mice inoculated with seven cell lines [ED-40515(Ϫ), SLB-1, MT-1, TL-Oml, Hut-120, MT-2, and MT-4] produced a visible tumor within 2 to 3 weeks in NOG mice (Fig. 1) . The remaining two transformed cell lines (M8116 and TY8-3/ MT-2) failed to form a visible tumor during the 2-to 3-week follow-up period although the mice inoculated with these cell lines were found to have sesame-like tumors at the inoculated site after excision of skin. Histological analysis revealed that the sesame-like tumors consist of small number of nonmitotic cells scattering in the scar tissue. Furthermore, no leukemic infiltration was found in various organs of mice with sesamelike tumors (Table 2) . Five cell lines [ED-40515(Ϫ), SLB-1, Hut-102, MT-1, and TL-Oml] produced a progressively growing large tumor. Especially, ED-40515(Ϫ) leukemic and SLB-1 transformed cell lines were most efficient resulting in the formation of a large tumor in NOG mice only after 2 weeks. It was notable that SLB-1-and Hut-102-transformed cell lines produced a hemorrhagic hard tumor and ED-40515(Ϫ), MT-1, and TL-OmI leukemic cell lines produced a soft tumor in NOG mice. The average tumor size in NOG mice inoculated with ED-40515(Ϫ) and SLB-1 was 25 by 20 by 12 mm and 19 by 10 by 16 mm, respectively, 2 weeks after inoculation. These results showed that most of the cell lines inoculated subcutaneously into the postauricular region of NOG mice were able to produce a large tumor very efficiently, irrespective of whether they were leukemic or in vitro transformed cells.
Comparison of ED-40515(؊) cells growth in NOG and NOD-SCID mice. To assess and clarify the mechanism of in vivo tumor cell growth in NOG mice, we inoculated cells of the ED-40515(Ϫ) cell line (10 7 cells) subcutaneously into NOG mice without common ␥-chain. For comparison, mice of the parent strain, NOD-SCID with common ␥-chain, were also used. Three NOD-SCID and three NOG mice were sacrificed 1 week as well as 2 weeks after inoculation. Results showed that there was significant difference in successful engraftment of tumor cells in an individual mouse of both strains. In the case of NOG mice the number of cells increased from initial level by about 7.6 and 23.6-fold on day 8 and 15, respectively. In control NOD-SCID mice, the number of inoculated cells was decreased by about 4.59-and 2.73-fold on day 8 and 15, respectively (Fig. 2) . The common ␥-chain is a critical molecule for the development of T and NK cells (6, 13) . In addition, a defect of dendritic cell function was reported (13) . Thus, these results suggest that NK deficit or functional defects in dendritic cells are responsible for the production of a progressively growing large tumor in NOG mice.
Infiltration of HTLV-1-infected cell lines into the different organs of NOG mice. To assess the tissue distribution of HTLV-1-infected cell lines, we carried out histological examinations of the different organs of NOG mice inoculated with different types of cell lines ( Table 2) . Inoculation of HTLV-1-infected cell lines led to progressive tumor formation at the inoculated site and infiltration into peripheral circulation. Proliferation and infiltration of tumor cells were found not only in primary tumor tissues, but also in peripheral blood, bone marrow, lung, liver, spleen and kidney of NOG mice inoculated with the ED-40515(Ϫ) cell line. Additionally, the heart and brain were also involved in NOG mice inoculated with the SLB-1 cell line. We also found that mice inoculated with Hut-102, MT-1 and TL-Oml cell lines exhibited infiltration in various organs in a similar manner as that of leukemia, eventually resulting in death. H&E staining showed a massive infiltration of tumor cells at the site of inoculation with ED-40515(Ϫ) and in the liver inoculated with the SLB-1 cell line (Fig. 1B and C 
a Mice were injected with 1 ϫ 10 7 to 7.5 ϫ 10 7 cells per mouse. Tumor tissue and organ samples were examined by histological analysis. Symbols: ϩ, slight infiltration; ϩϩ, marked infiltration; ϩϩϩ, massive infiltration; Ϯ, slight or no infiltration, depending on each mouse; Ϫ, no infiltration. Fig. 1D and E) . In addition, we stained in vitro and in vivo samples to evaluate the protein expression of CD8 and CD3. Both in vitro and in vivo samples showed that tumor cells were positive for CD3, but not CD8 (data not shown). We also examined the expression of HTLV-1 viral antigen Tax and Gag (p19) by immunohistochemical staining and Western blot. Cells of the tumor mass formed after inoculation with SLB-1 cell line were apparently positive for the Tax and Gag antigens, whereas those after inoculation of the ED-40515(Ϫ) cell line were negative for the Tax and Gag antigens ( Fig. 3A and B) . These results indicated that there was no obvious change in protein expression before and after inoculation of HTLV-1-bearing cells in mice.
NF-B binding activity of ED-40515(؊) cells inoculated in NOG mice.
High NF-B binding activity is thought to be crucial for maintaining the characteristics of both ATL/L cells and in vitro transformed cells with HTLV-1. To determine whether or not NF-B activity is changed in vivo, we performed EMSA. Interestingly, it was shown that in vivo NF-B DNA binding activity of the tumor cells was even stronger than that of the in vitro sample (Fig. 4A) . Furthermore, we investigated whether or not the NF-B specific bands of tumor tissues originated from the inoculated cells. For this purpose, super-shift assays were performed with nuclear extracts of tumor tissues in the absence or presence of antibodies that specifically recognize the following members of the NF-B family: p50, p65, and c-Rel. The band was super-shifted by p50 antibody and also by c-Rel antibody, demonstrating that the band contained transactivating p50 and c-Rel (Fig. 4C ). This pattern was apparently different from that of in vitro culture cells of ED-40515(Ϫ), where the band was super-shifted by p50 and p65 antibodies (Fig. 4B) .
Antitumor effect of Bay 11-7082 through the inhibition of NF-B. To determine the effect of Bay 11-7082 on primary and infiltrative tumor cell growth, we inoculated ED-40515(Ϫ) cells (10 7 ) subcutaneously into the postauricular region of NOG mice. Mice were intraperitoneally administered Bay 11-7082 (20 mg/kg of body weight/day) or 1% DMSO together with the inoculation of tumor cells. There was no significant difference in tumor size in any of the mice of both the Bay and DMSO group 20 days after treatment. However, Bay 11-7082-treated mice appeared to be healthy and had no standing of hair, weight loss and cachexia, all of which are signs of near death. In contrast, the control mice showed these clinical signs of near death. Notably, Bay 11-7082 suppressed infiltration of the tumor cells into peripheral blood and other organs while control mice showed infiltration of the tumor cells in peripheral blood as well as other organs of SCID mice (Fig. 5A and  B) . Accordingly, these results strongly suggest that leukemic infiltration of the tumor cells may contribute to aggravation of the clinical status of the tumor-bearing mice.
We then tested the effects of Bay 11-7082 on the growth of established subcutaneous ED-40515(Ϫ) tumors (Fig. 5C and  D) . Ten days after tumor formation, Bay 11-7082 (20 mg/kg/ day) was administered directly into the tumor site daily whereas control mice received 1% DMSO for 15 days. The tumor rapidly grew in control mice, resulting in the development of death signs due to disease progression in all mice. In contrast, the tumors began to regress markedly and later, widespread tumor necrosis occurred in Bay 11-7082-treated mice (Fig. 5C ). These data indicate that Bay 11-7082 significantly inhibited the growth of an established tumor.
Collectively, these results suggest that daily administration of Bay 11-7082 could prevent primary tumor growth and disease progression through the inhibition of infiltrative leukemic cell growth in various organs.
DISCUSSION
ATL is a malignancy of T-lymphocytes etiologically linked to a retrovirus, human T-cell leukemia virus type 1 (HTLV-1) (33, 48) . Previous results showed that HTLV-1-infected transformed cell lines do not have sufficient activity to acquire tumorigenic potential in SCID mice, but leukemic cell lines do produce a tumor during a 2-to 4-month follow-up period (10, 16) . In the present study using a novel SCID mouse, NOG, successful engraftment of both transformed and leukemic cells was achieved during a 2-to 3-week follow-up period, producing a progressively growing large tumor. This extremely rapid tumor formation is one of the hallmarks of our animal model. (25) . Interestingly, it was shown that transformed cell lines produced a hemorrhagic hard tumor and leukemic cell lines produced a soft tumor in NOG mice. The hemorrhagic tumor could be explained by the augmented invasiveness to blood vessels. Further study is needed to determine whether or not this was due to the effect of Tax expressed in transformed cell lines such as SLB-1 and Hut-102.
Infiltrations of HTLV-1-infected leukemic cell lines into various organs are well known in ATL patients (38, 45) . We found that SCID mice inoculated with ED-40515(Ϫ) cells showed infiltration into peripheral blood, bone marrow, lung, liver, spleen and kidney, and in addition to these organs, cells of the SLB-1 cell line had also infiltrated into the brain and heart (Table 2 ). These results indicate that HTLV-1-bearing cells in our model could infiltrate in a similar manner as leukemic cells in ATL patients. Leukemic infiltration was more remarkable in Tax-positive transformed cell lines than in leukemic cell lines. Further study is necessary to elucidate whether or not the expression of Tax in transformed cell lines is responsible for this role.
The differing behaviors of HTLV-1-infected cell lines in different types of SCID mice in the formation of tumors are dependent on the host immune system. Natural killer cells in the mice might play an important role in the rejection of implanted tissues or cells in SCID mice (5, 8, 10, 11, 37, 46, 47) .
In addition, recipient dendritic cells could have a role in transplant rejection (24) . In this study, we compared two strains of NOG and NOD-SCID mice to directly assess in vivo HTLV-1-infected cell growth. In addition to the absence of T and B cells, NOG mice have no NK and there are also functional defects in dendritic cells (18) . Our data showed that the number of ED-40515(Ϫ) cells inoculated in NOG mice was significantly increased about 7.6-and 23.6-fold, whereas the mass of tumor cells inoculated in NOD-SCID mice was reduced about 4.59-and 2.73-fold after 1 and 2 weeks, respectively (Fig. 2) . In the present study, HTLV-1-infected cell lines inoculated subcutaneously in the postauricular region over the skeleton of mice permitted us to quickly observe the tumor growth macroscopically and to measure the size of the tumor. By measuring the size of the tumor macroscopically, it was possible to easily compare growth ability between the control mice and mice inoculated with the ED-40515(Ϫ) cell line (Fig. 1A) . The present animal and inoculation system are applicable to other malignant cells and cell lines of different origins that are unrelated to HTLV-1 (unpublished results), and therefore could be very useful in the study of tumorigenesis of various malignant tissues in general.
Tax is a 40-kDa nuclear oncoprotein, which is responsible for trans-activation of the HTLV-1 long terminal repeat (9, 36) , as well as numerous cellular genes involved in T-cell ac- Our results showed that tumor tissues in NOG mice also expressed both IL-2R␣ and T-cell surface molecule CD4 as assessed by the immunohistochemical procedure used in this study, and these levels were reminiscent of those seen in primary ATL cells ( Fig. 1D and E) . Many cellular genes are shown to be activating through stimulation of the NF-B/Rel family of transcription factors when Tax is expressed in the cells. The inactivation of tumor suppressor p53 by Tax in HTLV-1-positive cells is also dependent on activation of the NF-B pathway (32) . Leukemic cells in the ATL patients and leukemic cell lines directly originating from the patients apparently share this character with Taxexpressing cells in the absence of Tax. For this reason, NF-B, rather than Tax, is considered to play a key role in the pathogenesis of HTLV-1-associated malignancy (15) . Recent studies have provided some insights into the multiple aspects of NF-B involvement in oncogenesis, including the control of apoptosis, the cell cycle, differentiation and migration of the cells (2) . In this study, we inoculated a Tax nonexpressing ED-40515(Ϫ) cell line in NOG mice to evaluate the role of NF-B binding activities and Tax expression in tumor cells. As a result, the ED-40515(Ϫ) cell line inoculated into SCID mice did not express Tax (data not shown). It was shown that in vivo NF-B DNA binding activity of the tumor cells was even stronger than those cultured in vitro (Fig. 4A) . Moreover, although the NF-B components of ED-40515(Ϫ) cells grown in vitro were p50 and p65 (Fig. 4B) , those in tumor cells consisted of p50 and c-Rel (Fig. 2) . Such quantitative as well as qualitative alterations in NF-B activity and the NF-B components seen in tumor cells in vivo might play an important role in the development of rapid growth of tumors in SCID mice. This NOG mice model we present here would be useful in identifying such in vivo changes of the cells. Further study is necessary to clarify the mechanism underlying the rapid growth of the tumor and in vivo change of NF-B components.
To develop potential new therapeutic strategies for ATL, Bay 11-7082 was used for the in vivo experiment. Very recently, we showed that Bay 11-7082 induced apoptosis in HTLV-1-infected cell lines and primary ATL cells, whereas the effect against HTLV-1-negative cells was only negligible (29) . Bay 11-7082 rapidly and specifically reduced DNA binding of NF-B in HTLV-1-infected T-cell lines, and down-regulated expression of the antiapoptotic gene, Bcl-XL. Due to its potent and selective inhibition of phosphorylation of IB␣, we predicted that Bay 11-7082 would be useful in the treatment of ATL. Our results clearly indicate that exclusive use of Bay 11-7082 could significantly prevent tumor growth at the inoculated site and infiltrative leukemic cell growth in SCID mice through inhibition of NF-B activity (Fig. 5) . In our NOG mice model, Bay 11-7082 showed no significant and severe adverse effect against the mice during the treatment period. These data strongly suggest that NF-B might serve as a general therapeutic target of ATL and Bay 11-7082 could be used as a lead compound in the development of anti-ATL drugs.
In summary, our NOG mice model system provides the opportunity to understand and investigate the mechanism of pathogenesis and malignant cell growth of ATL and to develop a novel therapeutic regimen.
